Abstract: This article draws on an analysis of development of 'technological capability' in the Indonesian electronics industry. It presents a theory of industrial organisation. The theory is based on the recognition that economies develop gradually through the cumulative expansion of both production capacity and organisational/institutional structures. Through an empirical survey of the Indonesian electronics industry, six distinct ideal-typical ways in which firms develop capabilities were found. The theory is subsequently applied to understand and assess this observed organisation of the industry. The analysis shows that the forms of organisation, which the theory suggests are ideal, do not occur in the industry at present.
Introduction
Processes of industrialisation are inherently systemic and cumulative. This suggests that approaches to industrialisation, whether analytical or prescriptive, should be equally systemic. It also suggests that capability development at the firm level should be considered in the context of the wider production system in which it occurs. In the following we formulate a theory of industrial organisation, based on a concept 'embedded flexible collaboration'. The theory is devised to understand better and be able to analyse processes of capability development.
The Indonesian electronics industry grew at a remarkable pace during the 1990s, yet very few studies have been done of the impact in terms of capability development. Based on an industry survey carried out in 1998, this article identifies and describes six distinct empirically occurring ways in which firms develop capability; six 'development modes'.
The theory devised can subsequently be applied to assess the organisational configuration of the electronics industry observed in the survey. The outcome of the analysis is that the configuration, which the theory suggests is ideal, does not appear to occur at all at present.
In the following, we will first introduce various terms on which we can rely in the rest of the article. Section 3 develops the core concept of 'embedded flexible collaboration' and proposes four reasons why this particular organisational feature is important. It is followed in Section 4 by a taxonomy of different forms of production organisation. Section 5 accounts for the six 'modes' of capability development found empirically in the Indonesian electronics industry. Finally, in the conclusion in Section 6, the theory of industrial organisation is applied to the empirical findings.
Definition of terms
We maintain that processes of industrialisation are inherently systemic and cumulative: economies develop gradually through the cumulative expansion of both production capacity and organisational/institutional structures [1] . To understand properly such processes, a broad and holistic framework needs to be applied. In order to develop a more systematic analytical framework, we need to introduce some terminology. Below, we discuss the concepts of 'industry', 'industrial system', 'innovation system', 'production system', 'embeddedness', 'distant institutional context' and 'intrinsic' vs. 'extrinsic' companies, cf. the 
Production system
Embedded flexible collaboration and development of local capabilities 'Industry' is usually taken to refer to a collection of firms engaged in the production of a particular type of product. To Porter, an industry is "[…] a group of competitors producing products or services that compete directly with each other" [2, p.33] . Hollingsworth et al. apply the term 'sector' synonymously and define it as " [.. .] a population of firms producing a specified range of potentially or actually competing products" [3, p.8] .
Firms in an industry rely on various upstream and downstream providers of such things as raw materials, intermediate goods, capital equipment, finance, labour, distribution, marketing, and retail services. Since these up-and downstream providers do not produce products competing with those of the industry proper, they are not formally part of the industry, yet they critically influence its performance. We therefore introduce the term 'industrial system' to refer to the ensemble of an industry or a set of industries and the broader set of related activities [4, 5] .
It is problematic to single out specific activities as particularly 'innovative': it is commonly recognised that much if not most innovation stems from routine activities in firms rather than from higher-flying basic research, not least in developing countries. Nevertheless, since 'innovation' in its various guises is considered an important and separate activity by public and private institutions alike, it is convenient to be able to refer to activities related to it. Accordingly, we will employ the concept of 'innovation system' to designate a system of activities and institutions in both the public and private sector, related to non-material production influencing the innovative performance of firms in an industrial system. If the industrial system considered is the 'national' system, the industrial system's innovation system coincides with the well-known concept of 'national innovation system' (NIS). In our study in Indonesia, this definition implies that state-initiated institutions supplying technical and managerial training exclusively to foreign assembly plants are not part of Indonesia's national innovation system, whilst foreign institutions such as the Japan International Cooperation Agency (JICA) may in some instances, when local companies are the target of their activities, be considered part of the innovation system of the local electronics industry. This diverges from Lundvall's [6] definition, which requires NIS institutions to be "rooted inside the borders of a nation state". Examples of innovation system activities could be market or technology intelligence, dissemination of information accruing from such activities, and activities supporting use of new technologies, e.g. specific managerial or quality control techniques, whether those activities are carried out by public institutions, private manufacturing firms, or private service firms. Innovative activities of firms both up-and downstream from a given firm in a given industry influence the innovative activities of that industrial system and are thus part of the innovation system as defined here [7, 8] .
Next, we refer to the ensemble of an industrial system and the innovation system related to it as a 'production system'.
There is a wide range of approaches to what we here refer to as the institutional 'embeddedness' of economic life. Some deal with the basic social embeddedness of economic activities, e.g. Mark Granovetter and the literature on economic sociology in general, some of Richard Whitley's 'business system' framework, and a group of institutionalist writings on East Asia focusing on meso-level phenomena between state and markets (e.g. [9] [10] [11] [12] ). Other approaches deal with what might be referred to as the 'national embeddedness' of economic activities, e.g., again, parts of Richard Whitley's 'business system' framework, the 'Economic System Approach' [13] , Porter's work on 'industrial clusters', the neo-Schumpeterian literature on 'national innovation systems', Sanjaya Lall's concept of 'national technological capabilities', and literature dealing with the potential and specificities of 'industrial policy' (see [14] for a discussion). Finally, some approaches deal with what might be termed 'transnational' embeddedness, e.g. Gary Gereffi on 'global commodity chains', Dieter Ernst on 'international production networks', and other literature analysing geographically dispersed value chains.
To properly understand the development of local technological capabilities, it is insufficient to consider individual firms. It is necessary to consider the wider systems in which these firms are situated, and how these systems are structured and operate. The analytical framework developed here focuses primarily on the local rather than the international institutional setting [15] . We distinguish between a 'wide' and a 'narrow' form of embeddedness (cf. Figure 1 ). To deal with the extent and character of interactions between an industrial system and the innovation system, i.e. the embeddedness of the industrial system, we introduce the concept of 'narrow embeddedness'. The combination of the industrial system and the innovation system, i.e. the 'production system', is in turn 'widely' embedded in an underlying political economy, governing different societal groups' access to political and economic resources, and a 'distant' institutional context, institutions ranging from specific state-orchestrated institutions to culturally constituted patterns of authority and trust [16, 17] .
A final distinction needs to be introduced and that is between what is here dubbed 'intrinsic' vs. 'extrinsic' companies. This is closely related to the distinction between local and foreign companies but slightly different. The distinction is primarily made on the basis of Michael Porter's [2] arguments about the significance of companies' 'home base' but there is plenty of evidence in the literature to the effect that companies relate differently to the country from which they originate than to other countries in which they invest and that successful industries grow out of broader and inter-connected 'industrial clusters' in their home base rather than succeed individually.
In developing countries there is a range of differences between local and foreign companies which are not present in developed economies to the same extent, i.e. differences related to product and process sophistication, sources of technology, the form and extent of engagement with local firms and institutions, organisational and managerial routines, etc. It is evident that any division of companies into a local vs. extralocal categorisation will be quite crude. Rather, the companies themselves and the environment in which they operate is a diverse combination of predominantly either local or extra-local elements, in areas such as finance, markets, technology, and human resources. Yet, it makes a difference whether the country in which a firm operates, is its 'home base' with respect to the way it relates to the encompassing production system. In developing countries, major technological changes tend to take place in other national settings, and diffuse into local companies through various modes of extra-national participation and foreign companies constitute, at least potentially, a potent source of various forms of technologies for local firms. It also seems reasonable to expect that the 'least local' companies, whilst furnishing jobs, foreign exchange earnings and tax revenues, contribute less in the way of local technological upgrading. So, we maintain that some sort of local/foreign distinction is meaningful and important; that whether firms are local or foreign is a central distinction with respect to production organisation.
Technically, however, the most important difference is not ownership per se but the extent of dedication to and involvement in local and foreign production systems, and 'local dedication' is significant with respect to development of the local production system. Even though local involvement in most cases will overlap with type of ownership, it is analytically distinct: foreign-owned companies can, in principle, be thoroughly embedded in the local production system, as domestically-owned companies can be very loosely attached to it. This latter situation could arise, for instance, if a domestic business group purchased a company, which was initially established by a foreign company as an export platform. To be able to make this distinction, we introduce the concepts 'extrinsic' and 'intrinsic' to refer to segments of production systems remote from and close to the local production system, respectively. Intrinsic companies are those, which, in Porter's terminology, have the country in question as their 'home base'. In practice, of course, one must envisage a continuum of 'intrinsicness'.
3 Production systems and embedded flexible collaboration: as if organisation mattered
Having introduced the concept of 'production system', can we say anything about which properties such a system should possess to further local capability formation? Are any particular system attributes more desirable than others? We will argue that a system in which constituent nodes are 'embedded', as previously discussed, and the interactions between system nodes are characterised by 'flexible collaboration' is favourable. In this and the following section we will develop a concept of 'embedded flexible collaboration' (EFC) to refer to particular organisational features of the ways in which productive activities are organised. We will then go on to propose a taxonomy of different institutional configurations of production systems, which display a greater or lesser extent of embedded flexible collaboration.
Our contention is that production systems characterised by EFC provide superior prospects for upgrading local capabilities. We will propose four areas in which EFC may be beneficial, viz. flexibility, local accumulation processes, technology transfer and innovation. Construed as an ideal form of organisation, the concept may also function as a benchmark against which to assess concrete empirically occurring forms of organisation. Taken together, the concept of EFC, the taxonomy of institutional configurations of production systems, and the four areas of beneficial impact can be considered a theory of industrial organisation.
The framework has both theoretical and empirical relevance. Theoretically, mainstream economics is very 'thin' where institutions are concerned. Even 'new institutional' approaches can be seen as efforts to account for, in Thomas Kuhn's terminology, 'the puzzle' of institutions; institutions arising as 'puzzles' within the reductionist neoclassical framework. In a systems theoretical perspective on the other hand, institutions would be considered as phenomena naturally 'emerging' at a particular systemic level and thereby inherently irreducible to any lower level. Empirically, in the case of Indonesia, with progressing privatisation, liberalisation of trade and investment flows, reforms of competition and public procurement laws, and with China becoming the preferred location for new foreign investment, the risk of deindustrialisation and wiping out of any industrial capability base the country may have built in electronics, are both imminent and real.
Institutional strength, coherence and support are one of the few areas in which there is broad agreement that government activism is justified; institutional and systemic issues as encompassed by the concept of EFC are particularly important in the current international commercial, financial, and regulatory climate, in which the scope for selective industrial policies as earlier applied in South Korea and Taiwan is limited. Accordingly, understanding and analysing institutional settings has taken on increased importance.
Flexible collaboration
One line of research, which argues particularly convincingly in favour of the importance of what we here refer to as 'flexible collaboration', concerns industrial districts [18] [19] [20] . Indeed, the concept is closely related to Piore and Sabel's [21] concept of 'flexible specialisation'. Piore and Sabel outline a production paradigm, 'flexible specialisation', as an alternative to the dominant one of mass production. But whereas Piore and Sabel deal particularly with horizontal relationships between relatively equal partners operating in geographical and cultural proximity, 'flexible collaboration' is conceived as more general in the sense that it refers to both horizontal and vertical relationships, possibly between unequal partners, and without any assumptions concerning proximity. Another distinct difference between the two concepts relates to their respective breadth: Piore and Sabel incorporate both intra-, inter-and extra-firm issues. Through the concept of 'flexible collaboration', we intend to address specific qualities of the production system, not of individual firms. Therefore, 'flexible collaboration' refers to inter-firm issues whereas we address extra-firm institutional issues through the concept of 'embeddedness'. Intra-firm issues are not dealt with in this article but in the study on which the article is based it is discussed in the context of firm-level technological capability [14] .
'Collaboration' is here opposed to 'integration': a company's acquisition of a needed input, be it a commodity or a service, can either be accomplished by integrating the production of that input into the company itself or by collaborating with another institution providing it, possibly anonymously through the market. 'Flexibility' is unsurprisingly opposed to 'inflexibility'. As applied here, the concept is intended to suggest some autonomy on the part of both parties engaged in collaboration. If a supplier is merely passively responding to a buyer's directions, as for example SMEs supplying Korean chaebol have been found to do to a large extent [22] , the relationship would not be characterised as flexible. Provided the supplier is sufficiently capable, more independent operation may allow it to devise process or product innovations on its own to the benefit of the buyer, and if the company can supply several buyers, the overall flexibility of the production system may be enhanced.
Due to, inter alia, more volatile, demanding, and fragmented markets; new organisational and managerial techniques; and advanced flexible production equipment, flexibility increasingly asserts itself as a demand upon individual firms, production systems, and national economies alike. Whilst there does not currently seem to be any single trend towards either hierarchically integrated or collaborative disintegrated organisational forms, there is currently a shift towards more complex and geographically dispersed collaborative networks and a corresponding increase in the number of ways firms and countries can interact with such networks [23] [24] [25] . This is illustrated, for instance, by the diverse and individually successful industrialisation strategies undertaken by some Asian nations. The exact reasons for the proliferation of these network organisational forms, be they related to economic superiority or core companies' desire to shift risk and costs onto suppliers or exploit dual labour markets, are in this context less important. More important is the fact that these more loosely tied organisational forms in themselves give rise to new sources of competitive advantage and upgrading strategies.
Flexibility and collaboration are not entirely independent, either as terms, or as phenomena: whereas an industry consisting of a few vertically-integrated firms may be very flexible in terms of quantity and quality of output, it is not meaningful to discuss flexibility of the production system without some extent of collaboration between individual firms. We consider a production system to be characterised by collaboration if there is a high division of labour between separate organisations. 'Flexibility' of the production system then refers to the character of the relationships and the scope for changing existing interconnections or forging new ones, and is thus closely related to the governance of interconnected firms: a tightly centrally-governed network is less flexible than a looser and less centrally-governed one.
These organisational issues address a lacuna in the literature on technological capability (TC), which tends to be dominated by two themes: the constitution and development of TC at the firm level, and the role of government policy. Institutional issues remain relatively neglected, particularly issues related to the organisation of industries. This is most likely related to the TC literature's basis in mainstream economic theory, which traditionally has difficulties incorporating institutional issues due to its underlying ontology. Instead, it tends to concentrate on individual economic agents and markets and, in the case of market failures, government policies. If we distinguish between country internal and country external sources of technology, it is widely acknowledged that the acquisition of technology from external sources critically depends on the local 'absorptive capacity' but exactly what constitutes this capacity is not very well defined. Clearly, issues of industrial organisation such as those discussed here are important. How do we determine, then, whether a production system is characterised by flexible collaboration? It should be stressed that we are concerned with local collaboration, i.e. whether firms are inclined to collaborate locally rather than internalise activities or rely on imports. Obviously, there are several sides to this question: one is the extent of collaborative relationships; another is the quality of such relationships, whether or not they are 'flexible'; and a third is which types of companies collaborate, particularly if and how foreign companies collaborate with domestic ones. Collaboration may take a number of forms; supplier-buyer relationships, putting-out systems, subcontracting, strategic partnerships, direct investment, equity swaps, consortia, licence agreements, joint research or development, design portfolio swaps, etc. Here, we will only distinguish two broad forms of collaboration: horizontal and vertical, the latter being relationships in which one company delivers a specified input to the production process of another company, particularly buyer-supplier or buyer-subcontractor relationships; the former being other forms of collaboration between companies in which the companies' respective contributions are not hierarchically ordered, e.g. production consortia or joint development and research.
If a party in a collaborative venture is relatively passive and is subordinate to and primarily responds to another party's directions, the scope for independent learning and industrial upgrading on the part of the subordinate party is more modest. We will define such a relationship as less flexible. If a company, on the other hand, has more leeway, can collaborate with several different companies and be involved in product development, there is more scope for learning and upgrading and we consider the relationship more flexible. The character of collaborative relationships is likely to be related to companies' motives for engaging in them. Most obviously, it may be for efficiency/cost reasons: dual labour markets may be exploited, the buyer may shift burdens such as stock maintenance onto suppliers, and specialised suppliers may simply be more efficient. It may also be motivated by the desire to tap into other companies' capabilities: as demonstrated by various 'Japanese-inspired production techniques' (JIP), collaborative or network organisational forms may lead to a more flexible and innovative production system.
To sum up, in order to assess the extent of flexible collaboration, we must explore the following three questions 
EFC and four areas of impact
Below we consider four areas in which embedded flexible collaboration may impact beneficially on a local production system: flexibility, local accumulation processes, technology transfer, and innovation. We intend here to touch upon some of the most important aspects of EFC arrangements, not treat them exhaustively.
With respect to the flexibility of the variety of products produced and of those products' features, it is relevant to cite Porter [2] , according to whom competitiveness stems from either low cost or differentiation, the latter referring to the ability to provide "[…] unique and superior value to the buyer in terms of product quality, special features, or after-sales service". Accordingly, a flexible production system capable of providing such differentiated output may in itself be a source of competitive advantages. Piore and Sabel, referred to above, particularly address the issue of flexibility. Their concept of 'flexible specialisation' refers to "[...] a strategy of permanent innovation: accommodation to ceaseless change, rather than an effort to control it. This strategy is based on flexible, multi-use equipment; skilled workers; and the creation, through politics, of an industrial community that restricts the forms of competition to those favouring innovation" [21, p.17] . The flexibility stems from the flexibility of workers, of the technology employed, of the individual firm and of the entire cluster, respectively. Hollingsworth et al. [3] find that where networks are available, vertical integration is less likely to occur, one reason being that networks are more responsive to environmental fluctuations, i.e. are more flexible than hierarchies [26] . Furthermore, they consider flexibility or the "[…] general capacity to respond to a wide variety of continuously shifting performance pressures" [p.288] to be the most important property of an institutional system. To them, this implies maintaining some redundancy or 'slack' in economic systems, beyond what can be justified with reference merely to profitability.
Concerning the relationship between flexible collaboration and local accumulation processes, linkages between economic activities may allow investments, also foreign ones, to ripple constructively through an economy. There is a large literature on 'economic linkages' but one early author who has specifically addressed the issue is Albert Hirschman. Hirschman [27] adds a third role of investment to the familiar ones of income-generator and capacity-creator, viz. pacesetter for additional investment: the ability to invest is acquired through practice and is thus proportional to the size of the modern sector of the economy. Hirschman asks whether there is a way to increase investment beyond the increase originating from the cumbersome learning process in the modern sector and answers in the affirmative: investment has in itself a contagious effect on more investment, a phenomenon he labels "the complementarity effect of investment". These effects are easily overlooked in developed countries with their already coherent industrial system in which new investments usually only lead to marginal adjustments of existing investments, whereas in developing countries interlinkages between investments are "absolutely basic in determining the expansive path of the economy" [p. 42] .
According to Hirschman, the economic history of some rapidly developing countries has largely been a matter of industrialisation progressing backwards from unsophisticated downstream processing (assembling, packaging, mixing, …) to the domestic production firstly of intermediate and then basic industrial materials. Even though downstream industries may initially have an enclave character, there is a huge potential for backward linkages when imports become sufficiently voluminous to justify local production. Were it not for the downstream industries, many industries could not be undertaken at all, but that being said, Hirschman finds the imports of semi-finished materials to be "real leakages of development effects" [p.119], because the development, problem-solving and learning has already taken place somewhere else. Therefore, "much is to be said for biting off as large a piece of value added as the underdeveloped country can possibly digest". Linkages increase the likelihood that an enterprise will thrive because it is needed as a market and a supplier; the linkage effects of two industries in combination are larger than the sum of the linkage effects of each industry in isolation, which helps to account for the cumulative character of development; the lack of interdependence and linkage is one of the most typical characteristics of underdeveloped economies.
We may use Hirschman to support the observation that an integrated industrial system contains potential for synergies born of the ability of investments to ripple constructively through the economy, whereas investments made in an isolated and foreign-dominated export sector will not diffuse into the local economy to the same extent. Perhaps due to the vintage of Hirschman's work, insufficient attention seems to be paid to international factors relative to local investment decisions and domestic factors influencing them.
Turning next to the relationship between flexible collaboration and technology transfer, industrial latecomers have typically succeeded by meticulously acquiring, absorbing, diffusing, and modifying technology from abroad. It is worth emphasising that technology transfer is by no means an automatic process but depends on efforts on the part of local recipients and the participation of the foreign transferor. Technology transfer can take place through a number of different channels, cf. the Table below. A number of criticisms have historically been raised against the operations of transnational companies, such as the application of inappropriately capital-intensive techniques which do not accord with local resource endowments, applying overlysophisticated techniques and equipment that impede significant transfers from occurring, retaining the most advanced segments of the value-chain and the most advanced product lines in the home country, not conducting R&D locally, worsening income distribution, increasing 'urban bias', squeezing local entrepreneurs out of the most dynamic sectors, etc. (see for instance [28, 9] ). But more recently, East Asian countries' successful combination of foreign technology transfers with export marketing have translated into a general case for strategies attempting to exploit foreign sources of technology (see for instance [29] [30] [31] ). The various channels listed in the Table are assumed to be self-explanatory, except perhaps for the last two: foreign investors may use the services of, or partner with, local supporting institutions. For instance, in the study on which this article is based, a foreign telecommunications manufacturer engaged in various collaborative projects with the research division of the national telecommunications provider. Whilst the foreign company was undoubtedly pursuing its own strategic agenda, it is likely that technology would be transferred to local companies by way of 'institutional mediation' since the telco in turn delivered a range of popular extension services to private industry. Regarding 'contracting', just as companies may acquire technology by being subcontractors to foreign companies, companies may also acquire technology if they themselves employ subcontractors, which in turn are associated with foreign companies. Such arrangements were also encountered in this study. Concerning the significance of EFC, if local partners are not employed or if they are confined to a very subordinate position, little technology transfer is likely to take place. Conversely, EFC relationships will benefit both the companies immediately involved in them and potentially lead to important externalities and spill-over effects in other firms and industries. One might speculate as to whether technology transfer may become even more difficult to accomplish than it has previously been: the scope for regulatory incentives encouraging TNCs to transfer technology is narrowing; and incessant and accelerating product and process innovation is widening the gap between technological leaders and followers, perhaps referring local industries to more subordinate positions than before. This does in fact appear to have been the case in the global electronics industry, as discussed in [14] .
Finally, with respect to the relationship between flexible collaboration and innovation, the ability of firms to innovate depends on the number and character of the relationships in which they engage. The innovative capability of an interlinked system stems not just from the innovations in the individual nodes in the system but from the potential to reorder links and forge new ones. Lundvall [6] takes the increasing importance of knowledge, learning and innovation along with a highly developed vertical division of labour to be primary characteristics of the modern economy. When the focus shifts from the allocation of known resources to the creation of qualitatively new ones, agents operate under a great extent of uncertainty. Innovation does not come about between anonymous agents interacting through free markets but as an interactive process between users and producers connected through organised markets. Lundvall devotes considerable attention to the ways in which these observations are at odds not only with mainstream economic theory but also with the transaction cost approach as presented by Williamson [32] which would predict vertical integration occurring in instances of great uncertainty. In actual fact, innovation frequently occurs in the form of product innovations between users and producers rather than just process innovations internal to firms; or, in the terms of this study, through engagements characterised by flexible collaboration. It follows that lack or inadequacy of flexible collaboration may reduce the occurrence or quality of innovation.
A taxonomy of embedded flexible collaboration
We can now combine the concepts of embeddedness and flexible collaboration into a taxonomy of distinct forms of production organisation. It is worth clarifying our analytical focus: the concepts refer to the way firms are engaged with their institutional environment and therefore characterise particular segments of a production system with which specific firms are involved. This is a different analytical focus than that of Richard Whitley, for instance, who in his research program on 'business systems' deals with organisation at a national level.
In the concept 'flexible collaboration', 'flexible' is a quality of the collaborative relationships in which a firm engages. The term 'collaboration' as opposed to 'integration' denotes a certain amount of autonomy on both sides of the relationship. Accordingly, it is only relevant to consider the extent of flexibility if relationships display characteristics more towards the 'collaboration' than the 'integration' end of the scale. Combining collaboration and flexibility and whether firms are more in-or extrinsic therefore results in six categories, as shown in the Table below. Companies in these categories may, in turn, be more or less embedded. With embeddedness, as with intrinsicness, a continuum rather than a binary categorisation should be envisaged.
Looking first at intrinsic firms, we refer to instances of high collaboration and high flexibility as 'clusters'. Examples of such arrangements are amply described in the literature on industrial districts and industrial clusters around the globe [33] . Here, 'cluster' is not taken to imply small size or equality of size but rather a relative equality with respect to control. Next, the term 'quasi-firm', borrowed from Eccles [34] , refers to instances of high collaboration and low flexibility [35] . The Table also illustrates that these firms may, in turn, be more or less embedded. 'Quasi-firm' is used here to denote a group of legally independent firms connected by stable and long-term relationships, which are hierarchical in nature. Examples of such relationships are found in the rigid relations between Korean chaebol and their SME subcontractors [22] and in the gradual shift of Italian Benetton from a loosely-organised 'putting-out system' to an arrangement of 'closely dependent subordinate suppliers' working exclusively for Benetton [36] . Finally, we will refer to companies, which do not engage in collaboration to any great extent, as 'Chandlerian' firms. They are vertically integrated, relatively self-reliant companies, which obviously utilise suppliers, but do not strategically depend on more equal and complementary horizontal and vertical relationships. An example drawn from the Indonesian electronics industry is a major local producer of audiovisual consumer goods, which, during a sustained period, thrived on the basis of its own product development and the local consumer market. However, recently they engaged in a joint venture with both foreign and local participants to manufacture CRTs, an undertaking which might be characterised as 'collaborative'. One might speculate that with the proliferation of industrial networks so frequently asserted, this category, the 'Chandlerian firm', will assume decreasing importance.
Considering now the extrinsic segments, 'assimilative networks' refers to companies engaged in flexible local relationships and may be associated with instances where foreign companies are established to access particular local competencies [37] . Accordingly, the establishment of such networks would be relatively rare in Indonesia and would depend on significant maturity of local partners. Next, a segment with high collaboration locally and little flexibility vis-à-vis the local production system is referred to as 'implanted networks'. This type of segment may arise around companies, often joint ventures, established to supply domestic markets behind tariff walls. The processes employed and products produced may allow some extent of procurement locally, but usually through quite hierarchical relationships. Finally, segments characterised both by low local collaboration and low local flexibility are designated with the predicate 'transplanted'. The most obvious and frequent case is that of individual export platforms, be they end product assemblers or parts/components manufacturers engaged in regional production networks. They are established to exploit local cost and regulatory advantages, are otherwise quite unrelated to the local economy, import production equipment and materials and export output. Such instances are referred to as 'transplanted firms'. During recent years, a qualitatively different transplantive scenario has taken on increasing importance: as the local production of foreign firms attains sufficient scale and as any requisite reforms of local regulations have been implemented, smaller firms operating as subcontractors in the country from which a lead firm originates may set up a plant in the vicinity of the lead firm. In addition to allowing the lead firm to do business with well-known and trusted business partners, this may also have other advantages, such as allowing the transfer of organisational techniques from the originating country, e.g. just-in-time, and presumably shifting some burdens, such as the costs and risks of dealing with low-tech local suppliers and the negotiation of local red tape, from the lead firm to the relocating subcontractors.
We have now proposed a conceptual taxonomy of different forms of industrial organisation. Later on, when we have established how Indonesian electronics manufacturers actually develop technological capabilities, this taxonomy will allow us to understand better and assess empirically occurring 'modes' of capability development in terms of the wider institutional setting in which they occur. We reiterate that this taxonomy is particularly relevant in the context of developing countries since the ex-/intrinsic distinction is not equally significant in many economically more developed countries.
Finally, we propose a very simple relationship between EFC and development of local technological capabilities: the wider and deeper the EFC, the better the prospects of local capability development. Obviously, the greater the extent to which extrinsic companies interact with local companies and institutions, the better the prospects for transfer of any technology they may command. Equally important, yet perhaps less obvious, is that the production system segments in which intrinsic companies engage locally should similarly display tendencies towards EFC: if local companies for some reason were inclined either to integrate vertically or to interact very inflexibly with their partners, even if extrinsic companies employed local subcontractors flexibly, the technology diffusion into the local production system would be rather modest. Similarly, if, for some reason, foreign companies interacted with local supporting institutions but local companies did not, any learning on the part of the local institutions would not benefit local industries. In fact, some such instances were found in the current study. In summary, the developmentally most interesting constellation is when intrinsic and extrinsic companies simultaneously display properties characterisable as EFC, i.e. the combination of the categories 'cluster' and 'assimilative network' in Table 2 . 
Six modes of capability development
Production and export of Indonesian electronics grew at a phenomenal rate throughout the 1990s. But most of this growth emanated from foreign investments, and the image of the constitution and development of the local segment of the industry remains rather murky from existing databases and research. To shed more light on this issue, a national coverage representative industry survey was carried out by the author in 1998, involving quantitative analyses of a sample of 67 companies and qualitative interviews and site visits with 27 companies [38] . The company types described in the following were constructed on the basis of these data. In a sense, every firm is unique and there are numerous differences between the ways in which firms develop capabilities and equally numerous differences between the levels of their capabilities. This applies no less to the Indonesian electronics industry. Yet the detailed analyses in [14] suggest that certain configurations of firms' background properties, capability levels and ways of developing capabilities tended to co-occur. This implies that it would be possible to construct a limited number of 'development modes', certain ideal-typical configurations or ways of developing capabilities, which individual real-world firms would fit more or less perfectly.
Thus, six development modes which together exhausted the sample could be constructed: A and B correspond to what we have called 'extrinsic' companies; C to F to 'intrinsic' [39] . These modes are described in the following, and the companies employing them characterised in terms of predominant background properties, levels of technological capabilities and sources of technology inputs.
Two public, now partly privatised, enterprises in the industry were present in the sample but are excluded from this typology. They are discussed as individual cases in [14] .
A
The enclave firm
Compared to other companies, the enclave firms primarily rely on technology inputs from international sources. They are export-platform type companies established to utilise cheap local resources. All companies in Batam, an Indonesian island close to Singapore with a large industrial estate with predominantly electronics manufacturers, belong to this type along with a number of companies in the major industrial estates on the outskirts of Jakarta. Being located in EPZs or having export factory (EPTE) status, they benefit from various tax and duty exemptions. They tend to be wholly foreign owned and import nearly all inputs with the possible exception of various low-tech products such as packaging material and cables, and they export most or all output. They tend to interact little with local companies and institutions, and investment and change decisions and processes are decided upon and planned abroad. Producing for the world market, the quality of products and processes are at the level of the world frontier, i.e. they have high operative capabilities. They employ expatriate labour for their more advanced tasks, but the local engineers who are employed consequently obtain knowledge and experience about cutting-edge production processes. However, Gammeltoft [14] found that manpower migration from extrinsic into intrinsic companies is very modest, which limits the extent to which this knowledge and experience diffuses into local companies. The employment, tax revenue and foreign exchange earnings generated by these firms should not be neglected, and there might also be elusive side effects to their presence such as instilment of a certain 'industrial spirit', as Hirschman would have it, but in terms of direct contributions to upgrading the domestic production system, the impact is modest. For the companies located in Batam, the prospects for developing local linkages are particularly dim since the rest of the industry and existing or potential support institutions are located on Java.
B The implanted firm
These companies are characterised by being extrinsic, yet as opposed to the 'enclave firms', they establish various local linkages. We are dealing particularly with extrinsic joint ventures rather than wholly foreign-owned companies. There are also joint ventures among the intrinsic 'technology-importing firms', described next, but for those companies the local partner is likely to be more directly involved in production, whereas for these 'implanted firms', local participation tends to be merely financial. As an example of the extended linkages, even though implanted firms use a smaller number of local subcontractors than intrinsic companies, they use subcontractors for subcircuitry more than other companies, and interactions with such subcontractors are presumably more 'flexible' than with companies providing low-tech inputs such as packaging material, cables, or cardboard boxes. They tend to employ a broad variety of sources of technology inputs to develop their capabilities. They also appear to establish links to institutions and other companies located in Indonesia to a relatively large extent. This is an important finding because capabilities may potentially diffuse into the local production system through such links. However, it seemed that currently the locally situated institutions and firms employed were different from those employed by the intrinsic companies, reducing the potential for such diffusion. Furthermore, there seemed to be little manpower mobility from extrinsic into intrinsic companies. On the contrary, a higher ratio of engineers to workforce among the extrinsic companies than among the intrinsic ones indicated that extrinsic companies employed the majority of that trained labour, which is in such short supply [14] . So, even though this development mode may improve local capability formation in various areas, we also see impediments to the diffusion of capabilities into intrinsic companies. On the positive side, companies within this development mode are more likely to link to local institutions, and intrinsic companies may potentially, with an effort, link to these companies and institutions employed locally, even though they do not do so at present.
C The technology-importing firm
Companies employing this development mode are particularly characterised by being intrinsic, yet depending on one specific international source for technology inputs. They also tend to rely on firm-internal efforts rather than external inputs, more so than the 'implanted firms' just discussed. They also have few local inter-firm links, fewer than the 'selectively-linked firms' described in the next section. These companies are primarily joint ventures and intrinsic exporters. In the study on which this article is based there were indications that obtaining technology inputs through licence agreements rather than equity participation may allow companies to operate more autonomously, which in turn translates into higher ability to acquire and modify technology: foreign joint venture partners may prefer to control tightly the planning and implementation of investment and change activities. Cooperation based on licences rather than capital participation is not widespread, however, most likely because foreign companies prefer the extended control associated with ownership [40, 41] : among the 67 companies in the sample, only 10 (15%) reported that any of their three main products were produced on licence. Like the 'selectively linked firms', these companies receive little or no infrastructural support, yet if infrastructure support were more developed, they could potentially become intermediaries through such institutions onwards to other companies through their domestic and international inter-company linkages. Given their dependence on foreign principals, it is perhaps less likely that such linkages can be forged.
D
The selectively-linked firm
These companies are distinguished from the 'delinked firms', discussed next, by utilising different technology sources over time and having more links to other local companies in addition to international links. They are primarily the more sophisticated among a group of small domestic niche producers of audio-visual electronics and a group of larger, wholly-domestically owned, domestic market-oriented intrinsic manufacturers of end products. With respect to local inter-firm linkages, large intrinsic end product manufacturers generally tend to use a larger number of subcontractors than other company types, but as mentioned earlier they are predominantly suppliers of low-tech parts and components, and not subcontractors of more advanced subcircuitry. The local and international linkages they do forge appear to be more dynamic than they are for companies, which are linked to a single foreign principal through licence agreements or joint ventures. Some companies, for instance, started off assembling imported unlicensed kits or assembling the products of a foreign partner, and then eventually designed and manufactured their own products. Their products are of sufficiently high quality, or they have the necessary marketing connections to export. The companies belonging to this development mode seem to manage to move dynamically in and out of product niches and forge links to buyers and suppliers in response to the expansion or contraction of business opportunities. They are relatively self-reliant with respect to investment, production and innovation. Quite interestingly, and in contradiction to the common discourse on the Indonesian electronics industry, these companies are not particularly weak with respect to their ability to use technology [14] . Another distinguishing feature of these companies is that infrastructural support is either modest or altogether absent. The fact that these are local companies and their small scale makes it likely that they could and would benefit from more infrastructural support if the production system displayed more tendencies towards embedded flexible collaboration (EFC). At the same time, as for the 'implanted firms', given that they rely on a variety of sources of technology inputs, with more infrastructural support they could function as 'mediators of technology' between local and foreign institutions and companies.
The group of small domestic niche producers, to which many of these 'selectivelylinked firms' belong, are nearly all headed by a Chinese-Indonesian entrepreneur. However, contrary to expectation, direct productive links through Chinese business networks did not seem to have much importance for the niche producers. More generally, Chinese business networks are no doubt very important in issues of trade, finance and marketing, which are beyond the scope of this study, but less so for technological development. This is illustrated by a case described in Gammeltoft [14] : a small telecommunications manufacturer in the provincial capital of West Java, Bandung, headed by a Malay Indonesian (Pribumi) entrepreneur was, with respect to equity participation and technology cooperation, more closely connected to a Taiwanese company than most of the niche companies included in the sample. This leads us to conclude that the forging of such links is not preconditioned by ethnicity or any exclusive network membership, but rather depends more on the ingenuity of the entrepreneur.
E
The delinked firm
These are companies that primarily rely on their own internal efforts and on resources in the 'public domain', such as reverse engineering, market intelligence, journals, and fairs and conferences. Interactions with other firms and institutions are limited and they do not benefit from any particular international linkages. The companies tend to be relatively small, technologically unsophisticated, manufacturing their own designs, and oriented towards the domestic market. In other words, we are dealing here with the least sophisticated of the 'niche companies' referred to above. They furnish jobs in the country, save some foreign exchange, and supply market niches, which do exist but are unattractive to the major players in the industry. Given that several of these companies function as subcontractors and as end-product manufacturers at the same time, it is conceivable that this type of company both represents a potential market, though possibly modest, for locally produced parts/components and is a potential suppliers of such parts/components. That would require the production system to display more tendencies towards EFC for information about potential suppliers and buyers of parts/components as well as the products themselves to flow more freely in the industrial system.
F The polylinked firm
This development mode is the one displaying the most properties towards EFC. The companies employing it are almost exclusively domestic manufactures of telecommunications equipment for the government or government-affiliated entities. They exploit the broadest variety of sources of technology among the six development modes. This may have to do with their type of product, industrial electronics, requiring more diverse external inputs than consumer products. But even though the sub production system to which these companies belong displays properties towards EFC, the institutions and companies associated with it constitute a separate segment, separate from the rest of the industry both industrially, institutionally and policy-wise as discussed in [42] . These companies tend to be small, relatively economically inefficient businesses with extensive development work and technologically advanced products, and in terms of capabilities they are characterised by having relatively low ability to operate technology and high ability to modify/develop it. These companies rely more than the average on technology sources, which may be said to reside in the 'public domain', and equally much on firm-internal efforts and this may be taken to illustrate that they manage to develop their advanced products through relatively autonomous efforts. But at the same time, they rely more on infrastructure support and inter-firm networks than most other firms. Among other things, this has to do with the 'institutional density' of the location, where many of these firms are located, Bandung, the provincial capital of West Java. One example is the networks maintained among the engineering alumni of the well-reputed 'Institute of Technology Bandung' (ITB), which have been referred to as the 'ITBmafia'; another example is the various efforts of RisTI, the R&D department of the formerly state-owned national telecommunications provider, PT Telkom, with headquarters in Bandung.
Where 'embeddedness' is concerned, the quantitative industry survey suggested that embeddedness was generally very modest. Yet, the qualitative case material, observations made during exploratory fieldwork in Bandung, and other available evidence also revealed various forms of embeddedness: a lack of formal organisation in business associations among these companies is likely to reflect, not the absence of embeddedness, but rather the presence of strong social networks between the various institutions, firms, buyers, and supporting institutions, rather than their absence: close and particularistic relationships betweens firms and their buyers render formal association less relevant. Firms are quite extensively and closely associated with various external institutions and have close cooperative relationships with their buyers. Among the most important institutions are PT Telkom, its extension service agencies and its R&D department RisTI; the Ministry of Industry and Trade and its extension services; and the 'Institute of Technology Bandung'. The closeness to a high quality training and research institution and the informal networks between its alumni are significant for these firms.
With respect to international linkages, the survey data again implied that foreign sources of technology are not very important. Yet, the more detailed case descriptions revealed that the companies do attempt to and succeeded in accessing foreign technology in various ways, in some instances long-term collaborative ventures, in other instances short-term joint development efforts: for example, the company which is probably the most technologically capable private company in this segment, was for some time involved in a USAID-sponsored joint development project; another has a procurement agent in the USA and cooperates with a small US company, which they are considering purchasing; a third has co-developed a traffic control system with an Australian company because such cooperation was required by the buyer, viz. the Indonesian government; and a fourth, a small private company, has without any prior contacts ventured into a joint project with a small Taiwanese company to build and run a factory in Bandung. Training abroad of employees is also common and important and these 'polylinked companies' reported that they invest abroad and employ subcontractors abroad to a much larger extent than one would have expected.
On the other hand, international ventures appeared to be predominantly ad hoc and limited in scope and duration and secondary to companies' own internal efforts. Furthermore, the projects tend to be limited to the products and exclude the processes, which along with limited competition in the market supplied, viz. government and government affiliated entities, contribute to explaining the observed relatively weak operative capabilities of these firms. Along with the frequent occurrence and high importance of reverse engineering of foreign products, it seems appropriate to conclude that access to foreign technology is very important and that the companies do access such sources. At the same time, the fact that this is not reflected in the companies' survey responses; the relatively advanced technology we are dealing with in this segment; and the inevitable gap between domestically-and foreign-developed technology, international linkages still appear inadequate. Accordingly, an appropriate statement concerning international linkages is that they are more developed than one would immediately expect given the absence of foreign equity involvement and the small size and exclusively domestic market orientation of these companies, but at the same time insufficient considering the advanced product type.
G Development modes and company types
All companies in the survey, the two public enterprises still excluded, can be assigned to one of these six development modes. The Table below shows that far more companies are associated with the 'enclave' mode than with the other modes. In terms of EFC development, this is evidently disadvantageous. The Table also provides summary data about the companies belonging to each development mode. Gammeltoft [14] contains case accounts of companies of each mode. Six different 'ideal-typical' ways of developing capabilities in the Indonesian electronics industry were empirically encountered. The configurations that offer the most potential in terms of capability development are those which combine international with local linkages: such combinations can facilitate the flow of technology into the domestic production system. Even if companies are well embedded internationally, they will still have an only modest impact on the local production system unless they also associate with local institutions or collaborate more or less flexibly with local enterprises. On this basis, the most interesting empirically occurring company types were the 'implanted', the 'selectively-linked', and the 'polylinked' firms. Since the latter were confined to the telecommunications segment, which as previously mentioned constitutes a sub production system relatively separate from that of the rest of the industry, practices of embedded flexible collaboration (EFC) and international linkages in this segment would have an only modest impact on the rest of the industry. The remaining company types, i.e. the implanted and the selectively-linked firms constituted only a small share of the companies in our sample, with negative implications for local capability formation. The most common type is the enclave firm which, as the name implies, is more enclave in nature than other company types and therefore has little impact on the upgrading of the local production system. We can now return to the taxonomy of 'embedded flexible collaboration'. The taxonomy identified different configurations of embeddedness and flexible collaboration of intrinsic and extrinsic companies; different ways of relating to the broader institutional production system. Having identified the six development modes, which types of embedded flexible collaboration do they represent? What does the occurrence of these development modes tell us about the production system? In the Table below, we have positioned the development modes in the EFC taxonomy. Development modes positioned to the left in a cell are more embedded; modes to the right less; and modes in the middle may be either more or less embedded. Table 4 Development modes and the EFC taxonomy 
Enclave firm
When we constructed the EFC taxonomy, we referred to two different types of transplanted firms: those that rely on imports for all important inputs, and those that also rely on foreign component supply manufacturers which have relocated to the host country. The observed 'enclave firm' development mode refers to the former type of company; the latter type did not appear to exist to any great extent in Indonesia. There are many component supply manufacturers, particularly in Batam, but they typically export all of their output.
We argued that the most interesting combination in terms of local capability development was 'cluster' combined with 'assimilative network': this would provide the best conditions for technology to diffuse into and within the local production system. But as the Table shows , 'assimilative networks' did not occur at all in the representative sample and furthermore the polylinked firms are confined to the telecommunications segment, which is relatively isolated from the rest of the industry.
The most interesting combination that does occur, then, is highlighted in the Table: the combination of selectively-linked and implanted firms. Both types of firms show a relative high propensity to collaborate locally and through common collaborators technology may flow into and within the local production system. However, the two company types only constitute a small share of the sample, 9% and 12% respectively. The Indonesian electronics industry is thus not currently organised in a way particularly conducive to the development of local capabilities.
